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This invention relates to methods of synthesis of 
^-conjugates, and in particular to orthogonally 

ITotttT c ?; bohydrate buiidin - ^ invention 

provides collections of orthogonally protected 
monosaccharides as universal building blocks for the 
synthesas of glycoconjugates of non -carbohydrate molecules 
neo -glycoconjugates and oligosaccharides. Tbis orthogonal 
Protection strategy allows for the specific deprotection of 
any substituent on the saccharide ring, and greatly 
^1^^ targeted or library- focused carbohydrate 
related syntheses. 



15 BACKGROUND OF THE twputt™,, 

Oligosaccharides are important components of a 
vanetyof different ty pes of biological molecules! and are 
involved ln antigenic recognition and cell-ceil 
interactions. In many cases, bio-molecules require 
20 conjugation with a carbohydrate component in order to he 
f»l y functional, m order to enable investigation of the 
bxological function, and to exploit the exquisite 
Moche^ical ana antigenic specificity of oligosaccharides, 

25 svnthet " * ^ t0 ^ *°^> «P«>«i« 

synthetic oUgosaccharides. Therefore achieving efficient 
cost-effectxve synthesis of oligosaccharides and 

IsTtheT" ^ eUher SOlUCi ° n ° r SOlW PhaSe 
o£ th e utmost importance. 

30 „„ , ™ S task is enormously complicated by the 

IZ lZ ty h ° c oli90sacc harides - B ™ «* «» ~ of 

ZllT S " bStit -«=. — the number of 

S the" 5 H " hi0h SaCChar " e mOUcUleS «» »° ' 
linked, the number of permutations is enormously high 

„ , In naCu «"y-occurring oligosaccharides D- 

D-galact D - 9alaCt ° Se L - £uCOSe ' D —ose. B-glucosamine and 

To 1 T~" S M,0n9 "°" «— residues. 
To construct oUgosaccharides and carbohydrate conjugates 
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using these sugars, current methodologies require long 
protracted syntheses, involving synthesis of as I 
^ Afferent special ly-protected Z^ZZVlZ 
to cover adequately all the possible permutations of 
glycosxdxc link formation (eg. !- 3 , 1-4), link type (eg 
«or p) and to include all possible branching points n the 
oligosaccharide. ^ 5 in tne 

Orthogonal protection of bi-functional molecules 

10 h , 9 t6ChnigUe in ~<= chemistry 

10 whxch provided general building blocks for selected 

syntheses. However, orthogonal protection in the case of 
molecules with a r,r- a ~+-~ , £ 
Quit. , ° f func tionalisation i s 

Quit, rare our technology involves penta- functional 

as T ding bl ° CkS ' * — 

oZlZZ SP6CifiCity - the appropriate 

MerrifieldTstrit^" 0 " 011 ^ ^ * 

20 on^v thf CiPle ° f ° rth090nal St * bili ty -quires that 

only those protecting functions should be used that 
can be cleaved under different reaction conditions 
wxthout affecting the other functions present- 
(Merrif ield, 1977) 
Although the use of orthogonal protection would greatly 

IZIT' ° arb0hydrate »^«« ™sis. there has Leu 
^- success in deling suitable protecting groups and 

moo, wit hTh:o:: a :: ty rr::;r : universai buudin9 

0 t.^ >.-,.,. t ° roaoeti ' 1 ' P-methoxybenzyl, levulinyl and 

relov h P " ylSllyl groups. selectively 

removable „ lt h sodiu. bicarbonate, trifluoroacetic acid 
hydrazine and hydrogen f luoride-pyridine respectively on a 

g vo" T an ° Se r1 " 9 " ith ^ aiYl - thi ° group at the 

syuthl POS " i0n - ™ S bUUdin9 block « <— ~l-y to 
synthes.se a 6-hexanate glycoside. ». suhseguent 

usinTtTs h ° U30SaCCharide rotation focused on 

using the 6-he.anate derivatised building block which 
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ZT tS ° nly '° Ur de9reeS ° f «Wo„ g et aJ . 

ortho^^r"!^ T ■» 
5 svnthln/ Protected D-glucopyranose derivative, but 

groups on a JSLTS ^v^T* 1 
group to a solid support or t« . thioglycoside 

15 hi l. s ^rs. Kunz's orthogonally-protected hunn- 

15 block was not used for glycosvlati™ r ° tected ^uildang 

glycoconjugates or neo ^ yC ° Sylatl ° n or construction of 
^ . . r ne °-0lycoconjusfate8, by directlv 

attain, functionaiititee to t„e Py ranoeI rJfZ^ et 

» ho. rc ^;;L::r r ^~ ~ 

No. PCT/AU98/00808, we desm'^H 
25 peptide synthesis^ ^1 * yMrS have been in 

ae S c r i b ed y the : : „ e : ;°; the r tecting 9roups - 

*- -tire discio^ ^ h s " p e ° " ~ " ™- 
incorporated herein by this referent" *™ 

30 which ^ZZ^ZZ£:«?>~>* 

and glycocon-iuaat-^c yn^nesis of oligosaccharides 

around the carbohydrate ring. groups 
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block, h T Q aPPr ° aCh With SlX unive "^ building 
blocks based on six of the most common naturally occurring 
sugars, any one of the one hundred sugars referred to above 
-ay be quickly synthesised in a facile manner, using 
simple, well-known protecting group chemistry. The years of 
work and complex protection strategies required to produce 
these one hundred building blocks by previously-available 
methods can be avoided by use of our six universal building 
blocks which do not require a high level of skin to use, 
and enable one to achieve the synthesis of a specific 
desired oligosaccharide or glycocon jugate much faster and 
more efficiently than previously possible. 

SUMMARY OF THE INVRMTTOM 

In its most general aspect the invention provides 
a universal monosaccharide building block of General 
Formula I or General Formula II 

DX,^/°n A EX,. Q A 



XX' 



CX XB DX" ^V^XB 

XC 

i n 

in which 

A is a leaving group, including but not limited 
to groups such as where R is alkyl< substituted 

alkenyl substituted alkeny^-^i^SpTTsubstituted alkynyl 
cycloalkyl, substituted cycloalkyl, aryl, substituted aryV 
halogen; trichloroacetimidoyl- ; sulphoxide; -O-alkenyl; 
X is hydrogen, O, N or N 3 ; 

X, iS h y dr °9 en - "CHaO-, -CH 2 NH-, -CH,, -CH 2 N 3 or 
-COO-; and 

B, c, D and E are any protecting groups which can 
be cleaved orthogonally. 
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It will be appreciated that as a consequence of 
stoichiometry and valence bond theory B, c, D and E are 
absent when X is hydrogen or N 3 and E is absent when X, is 
hydrogen, CH, or N 3 . 

The following non-limiting sets have been < 
designated as orthogonal to each other on the basis of 
their cleavage conditions. A protecting group is 
classified in a particular set according to its lability to 
the cleavage conditions for a particular set and its 
stability to the cleavage conditions required for the 
removal of those groups in the remaining sets. Each set is 
to be taken to include, but is not be limited, by the 
members thereof . 

Of the sets defined, set 1, the 'Base Solvolysis' 
set, is of particular importance, because in addition to 
the fact that the members of this set are considered to be 
orthogonal to the members of the remaining sets, some 
members of this set are also considered to be orthogonal to 
each other. Where this is the case, the alternative 
condition of cleavage that provides orthogonality is 
specified in brackets following the listing of the 
protecting group. 

1 - Base Solvolysis 

• a) for hydroxy protection: 

^acyl-tpe protecting groups, eg. chloroacetate 
(also thiourea-sensitive) 
bromoacetate (also pyridine-sensitive) 
carbonates, eg. Alloc (Pd°) 
Fmoc {)}- elimination) 
Troc 

p-nitrophenylsulphonylethyloxy carbonyl ) 
levanoyl (also hydrazine sensitive) 



WO 00/42057 



PCT/AUOO/00025 



- 6 - 

b) for amino protection: 

Dde, Wow (primary amine-sensitive) 

tetraphthaloyl 

dichlorophtha 1 oyj 

ri-dimethyl-pyrroyl (primary amine-sensitive) 

benzyloxycarbonyl 

pentenyX 

2 • Fluoride Ion-Sensitive 
for hydroxy protection: 

t-butyldiphenylsilyl 

triisopropylsilyl 

trimethylsilylethyl 

triphenylsilylethyl 

(all cleavable with HF/Pyridine) 

3- Reduction-Sensitive 

trifluoromet hyl 
trichlor omethyloxymethyl 
"trxcnloromethyloxycarbonate 
(all cleavable with zinc/acetic acid) 



4 - P- E limination-Sensit-ive, Base-r.*hi ] 



e Protecting Groups 



, ethoxy ethyl 
cyanoethyl 

NSC (P-nitrobenzyl-sulphonylethyloxycarbonyl) 
p-nitrobenzyl-sulphonylethyl 

5 - - "y^o^enolY s ig-Sensitive Pr otecting groups 

nap hthylmethyl 
"substituteo^naphthylinethyl 
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6. 



Oxidation-Sensitive Protecting Groups : 



p-methoxybenzyl 

3 , 4 - dime thoxy benzyl 

2,4, 6-trimethoxybenzyl 

3 , 4-methylenedioxybenzyl 

a cy 1 ami doben zy 1 

azidobenzyl 

p - a z i do -m- chl o r oben zy 1 



• Allylic Protecting Groups 

Cleavable with Pd° complexes 

" P^otolabi le Protecting Groups ; 

o-nitrobenzyloxycarbonate 
o-nitr oben zy 1 

dinitrobenzyl 

2-oxo-l, 2-diphenylethyl 



Protecting Groups Removabl e by Relay D^rgtection 



In one preferred embodiment, the invention 
provides a compound of General Formula in 



methyl t hi oe thyl 
acyloxybenzyl 



benzylthioethyl . 




XCi 



III 
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in which 

A, X and X, are as defined for General Formulae I 
and II, and 

Bi< C, ( D, and E, are orthogonal carbohydrate 
protecting groups (ie. an orthogonal set) selected from 
protecting group sets 1, 2, 6 and 8. 

Another preferred embodiment provides a compound 
of General Formula IV 




in which 

A, X and X, are as defined for General Formulae I 
and II, and 

B 2 , C 2 , D 2 and E 2 are selected from the members of 
protecting group set 1, and in themselves constitute an 
orthogonal set, for example the carbohydrate-protecting 
groups leyanoyl (ammonia -labile ) , chloroacetate (thiourea- 
labale), p-methoxybenzyloxycarbonyl (oxidation- labile) and 
2-trimethylsilyiethylcarbonate (fluoride ion-labile). 

This embodiment provides universal building 
blocks with protecting groups selected from the protecting 
groups of set 1. 

In a third preferred embodiment the invention 
provides a compound of General Formula V 
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in which 

A, X and Xi are as defined for General Formula I 
and ii, and 

5 B-j, C 3 , D 3 and E, are an orthogonal set of 

protecting groups selected from amongst the members of set 

1 and from the remaining orthogonal sets. 

This embodiment provides orthogonally protected 

building blocks, the protecting group constituents of which 
0 may be selected from within set 1 and from the remaining 

sets. 

It will be clearly understood that the invention 
is not limited to use with monosaccharides, but is also 
applicable to any compound in which substituents are linked 
5 to a pyranose or furanose ring, such as sugar analogues. 

For the purposes of this specification it will be 
clearly understood that the word 'comprising- means 
-including but not limited to-, and that the word 
-comprises- has a corresponding meaning. 

For the purposes of this specification 
•orthogonal cleavage- is defined as the regioselective 
cleavage of a hydroxy or amino protecting group from a 
carbohydrate, in which the cleavage conditions do not 
compromise the stability of the other protecting or 
functional groups on the molecule. Such cleavages can be 
effected in any order of priority. -Cleaved orthogonally- 
and -orthogonal cleavage- are taken to be synonymous. 

DETAILED DESCRIPTION OF THE INVENTION 

Abbreviations used herein are as follows: 

Alloc Allyloxycarbonyl 

Bn Benzyl 

Bu Butyl 

DCM Dichloromethane 

Dde N-l- (4 , 4-Dimethyl-2 , 6-dioxocyclohexylidene) ethyl 
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Dde-OH 

DMAP 
DMP 
5 DMTST 



EEDQ 

EtOAc 

EtOH 

FAB -MS 

HRMS 

Fmoc 

MBHA 

Me 

MeOH 
NCS 
NMR 
ODmab 

PEG 
tBu 
TFA 
THF 
Troc 



6-Hydroxy - 6 - ( 4 , 4 -dimethyl -2 , 6-dioxocycl ohexyl - 
idene) ethyl 

^AT'-Dimethylaminopyridine 
N, N' -Dime thy 1 formamide 

Dimethyl (methylthio) sulphoniumtrif 1 uorome thane - 
sulphonate 

l-isobutyloxycarbonyl-2-isobutyloxy^l f 2-dihydro- 
quinoline 

Ethyl acetate 

Ethanol 

Fast atom bombardment mass spectrometry 

High resolution mass spectrometry 

Fluoromethoxycarbonyl 

Methyl benzyhydryamine resin 

Methyl 

Methanol 

p-Nitrobenzyl-sulphonylethyloxycarbonyl 
Nuclear magnetic resonance 

4- {N- [ 1 - (4 , 4 -dimethyl -2 , 6-dioxocyclohexylidene) - 

3 -methylbutyl] -amino} benzyl alcohol 

Polyethylene glycol 

Tertiary-butyl 

Trifluoroacetic acid 

Tetrahydrofuran 

2, 2, 2-Trichloroethoxycarbonyl 



The invention provides universal building blocks 
which are useful in the solution and solid phase synthesis' 
of oligosaccharides. The reaction scheme for synthesis of 
each target molecule is designed so as to specify the 
orthogonally-protected functional groups which must be 
freed for glycosylation, and those which need to be capped 
with a protecting group such as benzyl, benzoyl, or another 
such group which remains uncleaved until the end of the 
synthesis, in order to avoid competition during 
glycosylations later in the synthesis. 
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When participation during the glycosylation 
reaction is required, the 2-hydroxyl is selectively 
deprotected and re-protected with a benzoyl group which, 
again, remains until the completion of the synthesis. In 
the case of 2-deoxy 2-aminosugars, if participation or 
stereoselectivity is required the Dde group might be 
removed and replaced with a tetrachlorophthaloyl or 2,5- 
dimethylpyrrole group. 

Example 1 Synthesis of an Exemplary Tetrasaccharide 

A strategy for synthesis of the tetrasaccharide 
of formula VI is set out in Scheme 1. 




VI 



WO 00/42057 



- 13 - 



PCT/AUOO/00025 



In solution phase, protecting groups A and C from 
the first sugar residue of the target molecule (residue 
[4]) are selectively removed, and the sites capped by a 
permanent protecting group, eg. benzoyl group. The residue 
5 is then coupled to the resin, followed by selective removal 
of protecting group B. In solution phase, protecting group 
A from sugar residue [3] is selectively removed, and the 
site is capped by a permanent protecting group. Residue 
[3] is then linked to the resin -bound sugar residue via a 
10 glycosylation reaction. Protecting group C from the new 
disaccharide is removed, and residue [2] is linked via a 
glycosylation. Protecting group A is finally selectively 
removed to regenerate the 6-hydroxyl group, which is linked 
with residue 1. 



15 
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Example 2 Synthesis of an Orthogonally Protected 

Thioglycoside Building Block, Methyl 6-0- (t- 
butyldiphenylsilyl) -3-0- (p-chlorobenzoyl) -2- 
deoxy-2- [1- (4, 4 -dimethyl -2 r 6-dioxocyclohex-l- 
ylidene ) ethylamino] -4-0-tetrahydropyranyl-l- 
thio-p-D glucopyranoside (5 ) 




Methyl 4, 6-0-benzylidene-2 -deoxy-2- [1- (4 r 4 -dimethyl - 

2, 6dioxocyclohex-l-ylidene> ethylamino] -1-thio-P-D 
glucopyranoside (1) 

A mixture of methyl 2-deoxy-2~ [1- (4 , 4 -dimethyl - 
2, 6-dioxocyclohex-l-ylidene) ethylamino] -1-thio-P-D 
glucopyranoside (20 g, 54 mmol), a,a-dimethoxytoluene 
(9.78 g, 64 mmol) and p-toluenesulphonic acid (50 mg) in 
dry acetonitrile (100 mL) , was stirred at 60*C for 2 hours. 
The reaction mixture was cooled to room temperature and 
adjusted to pH 7 with the addition of triethylamine . The 
solvent was removed in vacuo, the residue was taken up in 
CH 2 C1 2 (200 ml), washed with brine (50 ml), with water 
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(50 ml) and dried over MgS0 4 . The organic phase was 
concentrated to give a yellow solid, methyl 
4, 6-0-benzylidene-2-deoxy-2- [1- (4 , 4-dimethyl-2 , 6- 
dioxocyclohex-l-ylidene) ethylamino] -1-thio-JJ -D 
5 glucopyranoside (24.5 g, 98%). 

Methyl 4, 6-0-benzylidene-3-0- (p-chlorobansoyl) -2-deoxy-2- 
[ 1 - ( 4 , 4 -dimethyl -2,6 -dioxocyc lohex - 1 -y 1 idene ) ethylamino ] -1- 
thio-p-D glucopyranoo ide ( 2 ) 

10 

A mixture of methyl 4, 6-0-benzylidene-2-deoxy-2- [1- (4, 4- 
dimethyl-2 , 6-dioxocyclohex-l-ylidene) ethylamino] ~l-thio-p - 
D-glucopyranoside (1)(6.3 g, 13.5 mmol) , 
p-chlorobenzoylchloride (2.6 ml, 20 mmol) and 

15 4-dimethylaminopyridine (2.44 g, 40 mmol) in dry 
1 , 2-dichloroethane (100 ml), was stirred at room 
temperature overnight. The resultant suspension was 
filtered, the filtrate diluted with chloroform (100 ml) and 
washed with diluted brine (3 x 50 ml, H 2 0/Brine, 2/1). The 

20 organic phase was dried over MgSG 4 and the solvent removed 
in vacuo to give yellow solid. The residue chromatographed 
EtOAc/Hexane 1:1 as the mobile phase to give methyl 4,6-0- 
benzylidene-3-O- (p-chlorobenzoyl ) -2-deoxy-2- [1- (4, 4- 
dimethyl-2, 6-dioxocyclohex-l-ylidene) ethylamino] -l-thio-0- 

25 D-glucopyranoside (2) (6.4 g, 80%). 

Methyl 3-0- (p-chlorobenzoyl) -2-deoxy-2- II- (4, 4 -dimethyl - 
2 , 6-dioxocyclohex-l-ylidene) ethylamino] -1-thio^p-D 
glucopyranos ide ( 3 ) 



A mixture of methyl 4 , 6-0-benzylidene-3-0- (p- 
chlorobenzoyl) -2-deoxy-2- [1- (4 , 4-dimethyl-2, 6- 
dioxocyclohex~l-ylidene) ethylamino] -l-thio~P-D 
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glucopyranoside (2) (2.51 g, 4.20 mmol) and 50% aqueous 
solution of tetrafluoroboric acid (1 ml) in acetonitrile 
(25 mL) , was stirred at room temperature for 2 hours. The 
pH was adjusted to 7 with the addition of triethylamine and 
5 the resultant suspension concentrated. The residue was 
crystallised from diisopropyl ether-ethyl acetate to give 
methyl 3-0- (p-chlorobenzoyl) -2-deoxy-2- [1- (4, 4-dimethyl- 
2,6-dioxocyclohex-l-ylidene)ethylamino] -1-thio-p-D 
glucopyranoside (3) (1.7 g, 79%). 

Methyl 6-0-<t-butyldiphenylsilyl) -3-0- (p-chlorobenzoyl) -2- 
deoxy-2 - [ 1 - ( 4 , 4 -dime thy 1 - 2 , 6 - di oxocyc lohez - 1 - 
ylidene) ethylamino] -1-thio-p-D glucopyranoside (4 ) 

A mixture of methyl 3-0- (p-chlorobenzoyl) -2-deoxy-2- [1- 
(4, 4-dimethyl-2, 6-dioxocyclohex-l -ylidene) -ethylamino] -1- 
thio-p-D-glucopyranoside (3) (1.00 g, 1.95 mmol), t- 
butyldiphenylsilylchloride (536 mg, 1.95) and 
4-dimethylaminopyridine (238 mg, 1.95 mmol), in 
1,2-dichloroethane (30 mL) , was stirred under reflux for 
6 hours. The reaction mixture was cooled to room 
temperature, diluted with chloroform (60 mL) and washed 
with diluted brine (3 x 50 mL, brine/water, 1:2), dried 
over MgSO,. The solvent was removed in vacuo and the 
residue was chromatographed using hexane - EtOAc 1:1 as the 
mobile phase to give a white solid, methyl 6-0-(t- 
buty ldiphenylsilyl ) -3 -O- (p-chlorobenzoyl ) -2 -deoxy-2 - [ 1 - 
(4, 4-dimethyl-2, 6-dioxocyclohex-l-ylidene) ethylamino] -1- 
thio-p-D-glucopyranoside (4) (1.1 g, 75%). 



15 



20 



25 
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Metliyl 6-0- (t-butyldiphenylsilyl) -3-0- (p-cklorobenzoyl) -2- 
deoxy-2- [1- (4, 4 -dine thy 1-2, 6-dioxocyclohex-l- 
ylidene ) ethylamino) -4 -O-tetrahydropyranyl - 1 -thio-P-D 
5 glucopyranoside (5) 

A mixture of methyl 6-0- ( t-butyldiphenylsilyl) -3-0- (p- 
chlorobenzoyl) -2-deoxy-2-[l- (4, 4-dimethyl-2, 6- 
dioxocyclohex-l-ylidene) ethylamino] -1-thio-p-D- 

10 glucopyranoside (500 mg, 0.6 iranol), 3 , 4-dihydro~2H-pyran 
(5 mL) and p-toluenesulphonic acid (5 mg) in dry 
acetonitrile (10 mL) was stirred at room temperature for 
1 hour. The reaction mixture was adjusted to pH 7 with the 
addition of triethylamine and then evaporated to dryness. 

15 The residue was taken up in dichloromethane (30 mL) , washed 
with water (2 x 10 mL) and the organic phase dried over 
MgS0 4 . The solvent was removed in vacuo and the residue 
was chroma tographed using hexane - EtOAc 2:1 as the mobile 
phase to give methyl 6-0- ( t-butyldiphenylsilyl ) -3-0- (p- 

2 0 chlorobenzoy 1 ) -2 - deoxy-2 - ( 1 - { 4 , 4 -dime thy 1 - 2,6- 

dioxocyclohex-l-ylidene) ethylamino] -4-0-tetrahydropyranyl- 
1-thio-P-D-glucopyranoside (5) (420 mg, 85%) . 
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Example 3 Synthesis of an Orthogonally Protected 

Thloglycoside Building Block, methyl 2- 
azido-6-0- ( t-butyldiphenylsilyl) -2-deoxy-3- 
O- (4-methoxybenzyl) -4-O-biphenylcarbonyl-l- 
5 thio-p-D glucopyranoside 




Methyl 2-azido-4, 6-0-benzylidene-2-deoxy-l-thio-p-D 
1 0 glucopyranos ide ( 7 ) 

A mixture of methyl 2-azido-2-deoxy-l-thio-P -D 
glucopyranoside (6) (lOg, 4,25 mmol), a,a-dimethoxytoluene 
{9.71 g, 64 mmol) and p-toluenesulphonic acid (50 mg) in 

15 dry acetonitrile (100 mL) , was stirred at 60°C for 2 hours. 
The reaction mixture was cooled to room temperature and 
adjusted to pH 7 with the addition of triethylamine . The 
solvent was removed in vacuo. The residue was taken up in 
cn?Cl 2 (200 mL) , washed with brine (50 mL) , with water 

20 (50 mL) and dried over MgS0 4 . The organic phase was 

concentrated to give a white solid, methyl 2-azido-4, 6-0- 

benzylidene-2-deoxy-l-thio-JJ-D glucopyranoside (7) (10,5 g, 
73%) . 
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Methyl 2-azido-4, 6-0-benzylidene-2-deoxy-3-0-(4- 
methoxybenzyl) -1-thio-p-D glucopyranoside (8) 

A suspension of sodium hydride (1,0 g, 41.8 mmol) in dry 
5 DMF (50 mL) was cooled to 0 °C, and a solution of methyl 2- 
azido-4 , 6-0-benzylidene-2-deoxy~l-thio-p-D glucopyranoside 
(7) (9.0 g, 27.8 mmol) in dry DMF {50 mL) was added 
dropwise in 30 minutes- The resulting solution was stirred 
at 0 °C for 30 minutes and 4-methoxybenzyl chloride (6.54 

10 g, 41.8 mmol) was added dropwise at 0°C. The reaction 

mixture was stirred at room temperature overnight, cooled 
to 0 °C and dry methanol (5 mL) was added dropwise. The 
reaction mixture was concentrated under reduced pressure, 
then xylene (50 mL) was co-evaporated from the residue. The 

15 residue was taken up in CHCl! (200 mL) washed with H 2 0 (400 
ml), saturated NaHC0 3 solution (200 mL) dried over MgSCU 
and evaporated to dryness. The residue was crystallized 
from EtOH to give methyl 2-azido-4, 6-0-benzylidene-2-deoxy- 
3 -O- (4-methoxybenzyl) -1-thio-P-D-glucopyranoside (8) (9,0 

20 g, 73%) as white crystalline solid. 

Methyl 2-azido-2-deoxy-3-0- (4-methoxybenzyl) -1-thio-P-D - 
glucopyr anos ide ( 9 ) 

25 A mixture of methyl 2-azido-4, 6-0-benzylidene-2-deoxy-3-0- 
( 4-methoxybenzyl) -1-thio-p-D glucopyranoside (8) (12.0 g, 
27.08 mmol) and p-toluenesulphonic acid (3 00 mg) in MeOH - 
MeCN 1:1 (400 mL) was stirred at 50 C° for 1 hour. The 
reaction mixture was evaporated, the residue was 

3 0 chroma tographed using CHCl-j - EtOAc gradient to give methyl 
2-azido-2-deoxy-3-0- (4-methoxybenzyl) -l-thio-fJ-D- 
glucopyranoside (9) (8.21 g, 88%). 
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Methyl 2-azido^6-0-tert-butyldiphenylsilyl-2-deoxy-3-0- (4- 
methoxybenzyl ) -1-thio-p-D glucopyranoside < 10 ) 

A mixture of t-butyldiphenylsilyl chloride (8.66 g, 31.53 
5 mmol), 4-dimethylaminopyridine (5,12 g, 42.04 mmol) and 
methyl 2-azido-2-deoxy-3 -O- (4-methoxybenzyl) -1-thio-fJ-D- 

glucopyranoside (9) (7.21 g, 21.02 mmol) in dry 1,2- 
dichloroethane (100 mL) was stirred at 80°C for 2 hours. 
The resulting clear solution was cooled to room 

10 temperature, diluted with CHC1 3 (300 mL) , washed with H 2 0 
(3 x 200 mL) , brine solution (200 mL) , dried over MgS0 4 and 
evaporated. The residue was purified by chromatography 
using hexane - ether 2:1 as the mobile phase to give methyl 
2-azido-6-0-tert-butyldiphenylsilyl-2-deoxy-3-0- (4- 

15 me thoxy benzyl) -l-thio-|J-D glucopyranoside (10) (9.73 g, 
80%) . 

Methyl 2-az±do-6-0-tert-butyldiphanylsilyl-4 
biphenylcarbonyl-2-deoxy-3-0- (4-oethoxybonzyl) -1-thio-p-D 
20 glucopyranoside (11) 

A mixture of methyl 2-azido-6-0-tert-butyldiphenylsilyl-2- 
deoxy-3-O- (4-methoxyben2yl) -1-thio-p-D glucopyranoside (10) 
(12.7 g, 21.46 mmol) , 4-dimethylaminopyridine <5.23 g, 
42.92 mmol) in dry 1, 2-dichloroethane (100 mL) was stirred 

25 at room temperature. Biphenylcarbonyl chloride (6.97 g, 

32.19 mmol) was added to the stirred reaction mixture in 15 
minutes. After the addition the resulting suspension was 
stirred under reflux for 3 hours. The reaction mixture was 
cooled to 10°C and filtered. The crystalline solid was 

30 washed on the funnel with dry 1, 2-dichloroethane (50 mL) 
and filtered. The filtrates were combined, diluted with 
CHCl^ (200 mL) and washed twice with diluted brine solution 
(water-brine 2:1) {150 mL) , The organic layer was dried 
over MgSO< and evaporated. The residue was crystallized 

35 from EtOH (75 mL) to give methyl 2-azido-6-0- tert- 
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butyldiphenylsilyl-4-0-biphenylcarbonyl-2^deoxy-3-0- (4- 
methoxybenzyl) -l-thio-|J-D-glucopyranoside (11) {12.7 g, 
76%) 



Tbdoy lycos ide Building Block, methyl 2-azido-6-0- (t- 
bu ty ldipheny 1 s i ly 1 ) - 2 -deoxy- 3 - O- ( 4 -methoxybenzyl ) -4-0- 
biphenylcarbonyl - 1 - thio- P-D-galactopyranos ide ( 17 ) 



Methyl 2-azido-4, 6-0-benzylidene-2-deoxy-l-thio-P-D 
galactppyranoside (13) 

A mixture of methyl 2-azido-2-deoxy-l-thio-P -D- 
galactopyranoside (12) (3.0 g, 12.76 ramol ) , o>a- 
dimethoxytoluene (2.91 g, 13.14 mmol) and p- 
toluenesulphonic acid (30 rog) in dry acetonitrile (15 mL) , 
was stirred at 70°C for 20 minutes. The reaction mixture 
was cooled to room temperature and adjusted to pH 7 with 
the addition of triethylamine. The solvent was removed in 
vacuo and the residue was taken up in CH 2 C1 2 (100 mL) , 
washed with brine (50 mL) , with water (50 mL) and dried 
over MgS0 4 . The organic phase was concentrated to give a 



Kxample 4 



Synthesis of an Orthogonally Protected 



MeO] 



H< 
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white solid, methyl 2-azido-4 , 6-0-benzylidene~2-deoxy-l- 
thio-fJ-D-galactopyranoside (13) (3.09 g, 75%). 

Methyl 2-azido-4, 6-0-benzylidene-2-deoxy-3-0- (4- 
5 methoxybenzyl ) -1 - thio-p-D-galactopyranoside ( 14 ) 

A suspension of sodium hydride (123 mg, 4.87 mmol) in dry 
DMF (10 mL) was cooled to 0 °C, and a solution of methyl 2- 
azido-4 , 6-0-benzylidene-2-deoxy-l-thio~P-D- 

10 galactopyranoside (13) (1.05 g, 3.25 mmol) in dry DMF (10 
mL) was added dropwise in 30 minutes. The resulting 
solution was stirred at 0 °C for 30 minutes and 4- 
methoxybenzyl chloride (763 mg # 4.87 mmol) was added 
dropwise at 0 °C. The reaction mixture was stirred at room 

15 temperature overnight, cooled to 0 °C and dry methanol (2 
mL) was added dropwise. The reaction mixture was 
concentrated under reduced pressure, then xylene (25 mL) 
was co-evaporated from the residue. The residue was taken 
up in CHClj (50 mL) washed with H 2 0 (40 ml), saturated 

20 NaHCOi solution (50 mL) dried over MgS0< and evaporated to 
dryness. The residue was crystallized from EtOH (10 mL)to 
give methyl 2-azido-4, 6-0-benzylidene-2-deoxy-3-0- (4- 
methoxybenzyl) -1-thio-P-D-galactopyranoside (14) (1.0 g, 
70%) as white crystalline solid. 

25 

Methyl 2 - az ido - 2 -deoxy- 3 - O - ( 4 -me thoxybenzy 1 ) - 1 - thio - 0- D- 
galactopyranoside ( 15 ) 

A mixture of methyl 2-azido-4, 6-0-benzylidene-2~deoxy-3-0- 
30 (4~methoxybenzyl) -1-thio-p-D-galactopyranoside (14) (500 
mg, 1.12 mmol) and p-toluenesulphonic acid (10 mg) in MeOH 
- MeCN 1:1 (50 mL) was stirred at 50 C° for 1 hour. The 
reaction mixture was evaporated, the residue was 
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chromatographed using CHC13 - EtOAc gradient to give methyl 
2-azido-2-deoxy-3-0- (4-methoxybenzyl) -l-thio-(i-D- 
galactopyranoside (15) (309 mg, 80%) 

Methyl 2-azido-6-0-tert-butyldiphenylsilyl^2-deoxy-3*0- (4- 
methoxybexiayl) -1-thio-P-D^ralactppyrauaoside (16) 

A mixture of t-butyldiphenylsilyl chloride (151 
rng, 0.54 mmol), 4-dimethylaminopyridine (90 mg, 0.73 mmol) 
and methyl 2-azido-2-deoxy-3-0- (4-methoxybenzyl ) -l-thio-J5- 
D-galactopyranoside (15) (13 0 mg, 0.36 mmol) in dry 1,2- 
dichloroethane (8 mL) was stirred at 80°C for 2 hours. The 
resulting clear solution was cooled to room temperature, 
diluted with CHC1 3 (20 mL) , washed with H 2 0 (3 x 20 mL) , 
brine solution (20 mL) , dried over MgS0 4 and evaporated. 
The residue was purified by chromatography using hexane - 
ether 2:1 as the mobile phase to give methyl 2~azido-6-0- 
tert-butyldiphenylsilyl-2-deoxy-3-0- (4-methoxybenzyl ) -1- 
thio-P-D-galactopyranoside (16) (142 mg, 68%) . 

Methyl 2-azido-6-0-tert-butyldiphenylsilyl-4-0- 
bipttenylcarbonyl -2 -deoxy-3 -O- (4-arat^xybenzyl ) -1-thio-p-D- 
galactopyranoside (17) 

A mixture of methyl 2-azido-6-0-tert-butyldiphenylsilyl-2- 
deoxy-3-0- (4-methoxybenzyl ) -1-thio-p-D-galactopyranoside 
(16) (213 mg, 0.36 mmol), 4-dimethylaminopyridine (67 mg, 
0.55 mmol) in dry 1, 2 -dichloroethane (10 mL) was stirred at 
room temperature. Biphenylcarbonyl chloride (119 mg, 0.55 
mmol) was added to the stirred reaction mixture. The 
resulting suspension was stirred under reflux for 3 hours. 
The reaction mixture was cooled to 10°C and filtered. The 
crystalline solid was washed on the funnel with dry 
1, 2-dichloroethane (5 mL) and filtered. The filtrates were 
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combined, diluted with CHC1 3 (20 mL) and washed twice with 
diluted brine solution (water-brine 2:1) (15 mL) ♦ The 
organic layer was dried over MgS0 4 and evaporated. The 
residue was purified by chromatography using hexane - CHC1 3 
5 1:1 as the mobile phase to give methyl 2-azido~6-0-tert- 
butyldiphenylsilyl-4-0-biphenylcarbonyl-2-deoxy-3-0- (4- 
methoxybenzyl ) ~l-thio-p-D-galactopyranoside (17) (180 mg, 
65%) . 

10 Example 5 Synthesis of an Orthogonally Protected 

Thioglycoside Building Block, Methyl 6-0- (t- 
butyldiphenyls ilyl ) -2 -deoxy-2- [( 1 , 3 - 
dimethyl-2, 4, 6 (1H, 3H, 5H) -trioxopyrimidin-5- 
y 1 idene ) me thy lamino ] -3-0- ( 4 -methoxybenzyl ) - 

1 5 4-0-biphenylcarbonyl-l-thio-{3-D- 

glucopyranoside ( 23 ) 
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Methyl 2-deoxy-2- t (1, 3 -dimethyl -2, 4, 6 (1H, 3H, 5H) - 
trioxopyrimidin-5 -yl idene ) methylamino J - 1 - th±o-p-D- 
glucopyranoside (19) 

5 To methyl 2-deoxy-2- [1- (4, 4-dimethyl-2 , 6-dioxocyclohex-l- 
ylidene) -ethylamino] -1-thio-P-D-glucopyranoside (18) (100 g, 
268 mmol) was added cone* ammonia solution (300 mL) and the 
reaction mixture was stirred at 100 C° for 1 hour. The 
suspension was cooled to room temperature and filtered. The 
10 filtrate was washed with CHCli (3x200 mL) , then the aqueous 
phase was evaporated under reduced pressure. The residue 
was taken up in EtOH : benzene 1:1 (250 mL) and evaporated 
to dryness. 

The residue was taken up in hot MeOH (600 mL) and 1, 3- 

15 dimethyl-5- [ (dimethylamino) methylene] 2, 4, 6 (1H, 3H, 5H) - 
trioxopyrimidine (Wow-reagent) (62.27 g, 294.9 mmol) in hot 
MeOH (120 mL) was added. /Synthesis of 1, 3-Dimethyl-5- 
[ (dimethylamino)methylene]2, 4, 6 (1H, 3H, 5H)- 
trioxopyrimidine (Wow-reagent ) : N, N-Dimethylf ormamide 

20 dimethyl acetal (252 g, 2.11 mol) was stirred at 0°C in 

CHC1 3 (750 mL) . 1, 3-Dimethylbarbituric acid (300 g, 1.92 
mol) in CHCI3 (2100 mL) was added to the stirring acetal 
solution over 2 hours. The CHClj was evaporated immediately 
following complete addition and the resulting residue re- 

25 suspended in CHC1 3 (2000 mL) and washed with water (3x600 
mL) and saturated brine solution (600 mL) . The organic 
phase was dried over MgS0 4 , filtered and evaporated to 
dryness under high vacuum. The residue was re-suspended in 
diethyl ether (750 mL) , filtered and washed on the funnel 

30 with additional diethyl ether (500 mL) to yield 1, 3- 

Dime thyl -5- [ (dimethylamino) methylene] 2, 4, 6 (1H, 3H, 5H)- 
trioxopyrimidine as a pale-yellow solid (271.85 g, 67%)./ 
The reaction mixture was stirred under reflux for 30 
minutes, then cooled to room temperature. The resulting 

35 suspension was filtered, the solid was washed with MeOH 

(150 mL) , ether (150 mL) , dried to give methyl 2-deoxy-2- 
[ (1 , 3-dimethyl-2 , 4 , 6 (1H, 3H, 5H) -trioxopyrimidin-5- 
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ylidene)methylamino] -l~thio-p-D-glucopyranoside (19) (83 g, 
90%) . 

Methyl 4, 6 -O -benzyl idene- 2 -deoxy~2- [ (1, 3 -dime thy 1- 
5 2,4, 6 (IK, 3H, 5H) -trioxopyri mi din- 5-ylidene ) aethylfinH no] -1- 
thio-p-D-glucopyranoside (20) 

A mixture of methyl 2-deoxy-2- [ (1, 3-dimethyl- 

2,4,6 (1H, 3H, 5H) -trioxopyrimidin~5-ylidene) methylamino] -1- 

10 thio-fJ-D-glucopyranoside (19) (84.64 g, 226.31 mmol), a,a- 
dimethoxytoluene (51.66 g, 33 9.46 mmol) and p- 
toluenesulphonic acid (500 mg) in dry acetonitrile 
(600 mL) , was stirred at 60 Q C for 2 hours. The reaction 
mixture was cooled to room temperature and filtered. The 

15 solid was washed with ether (200 mL) , dried to give methyl 
4, 6-0-benzylidene-2-deoxy- [ (1, 3 -dimethyl -2 , 4, 6 (1H, 3H, 5H) - 
trioxopyrimidin-5-ylidene)methylamino) -1-thio-p-D- 
glucopyranoside (20) (80 g, 77%). 

20 Methyl 4, 6-0-benzylidene-2-deoxy-2- 1 (1, 3 -dimethyl - 

2,4,6(1H,3H,5H) -trioxppyrimidin-5-ylidexie)methylamino] -3-0- 
(4-methoxybenssyl) -1-thio-p-D -glucopyranoside (21) 

A suspension of sodium hydride (6.82 g, 2 69.97 mmol) in dry 
25 DMF (50 mL) was cooled to 0 °C, and a solution of methyl 

4, 6-0-benzylidene-2-deoxy-2-[ (1, 3-dimethyl-2, 4, 6 (1H, 3H, 5H) - 
trioxopyrimidin-5-ylidene)methylamino] - l-thio-(i-D- 
glucopyranoside (20) (50 g, 107.99 mmol in dry DMF (200 mL) 
was added dropwise in 30 minutes. The resulting solution 
30 was stirred at room temperature for 3 0 minutes and 4- 
methoxybenzyl chloride (37.36 g, 238.56 mmol) was added 
dropwise at 0 °C , The reaction mixture was stirred at room 
temperature overnight, cooled to 0 °C and dry methanol (10 
mL) was added dropwise. The reaction mixture was 



WO 00/42057 



PCT/AUOO/00025 



- 27 - 

concentrated under reduced pressure, then xylene (200 mL) 
was co-evaporated from the residue. The residue was taken 
up in CHC1 3 (1000 mL) washed with H 2 0 (1000 ml), saturated 
NaHCCh solution (1000 mL) dried over MgS0 4 and evaporated 
5 to dryness. The residue was crystallized from EtOH to give 
methyl 4, 6-0-benzylidene-2-deoxy-2- [ (1, 3 -dimethyl - 
2,4, 6 (1H, 3H, 5H) -trioxopyrimidin-5~ylidene) methylamino} -3-0- 
(4-methoxybenzyl) ~l-thio- P~D- glucopyranoside (21) (52.21 g, 
82%) . 

10 

Methyl 2 -deoxy-2 -[(1,3 -dimethyl -2 , 4 , 6 ( 1H , 3H , 5H ) - 
t r ioxopyr imidin - 5 -y 1 idene ) methylamino J - 3 -O- ( 4 - 
me thoxybenzy 1 ) - 1 - 1 hio - p - D -glucopyranos ide (22) 

15 A mixture of methyl 4, 6-0-benzylidene-2-deoxy-2- [ (1, 3- 
dimethyl-2 ,4,6 (1H, 3H, 5H) -trioxopyrimidin-5- 
ylidene) methylamino] -3-0- (4-methoxybenzyl ) -l-thio~P-D- 
glucopyranoside (21) (52.21 g, 89.55 mmol and p- 
toluenesulphonic acid (200 mg) in MeOH - MeCN 1:1 (400 mL) 

2 0 was stirred at 50 C ft for 1 hour. The reaction mixture was 

evaporated, the residue was chromatographed using CHC13 - 
MeOH 10:1 as the mobile phase to give methyl 2-deoxy-2- 
[ (1, 3-dimethyl-2, 4, 6 (1H, 3H, 5H) -trioxopyrimidin-5- 
yl idene) methylamino] -3-0- (4-methoxybenzyl) -l-thio-($-D- 
25 glucopyranoside (22) (31.0 g, 70%) 

Methyl 6-0-tert-butyldiphenylsilyl-2-deoxy-2- [ (1,3- 

dimethyl -2 , 4 , 6 ( 1H , 3H , 5H ) - trioxopyr imidin- 5 - 

yl idene) methylamino] -3-0- (4-methoxybenzyl ) -1-thio-P-D- 

3 0 glucopyranos ide (23) 

A mixture of t-butyldiphenylsilyl chloride (16.65 g, 60.60 
mmol), 4-dimethylaminopyridine (9.85 g, 80.80 mmol) and 
methyl 2-deoxy-2- [ ( 1 , 3-dimethyl-2 , 4 , 6 (1H, 3H # 5H) - 
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trioxopyrimidin-5-ylidene)methylainino] -3-0- (4- 
methoxybenzyl) -1-thio-P-D-glucopyranoside (22) (20 g, 40.4 
iranol) in dry 1, 2-dichloroethane (200 mL) was stirred at 
80°C for 2 hours. The resulting clear solution was cooled 
5 to room temperature, diluted with CHC1 3 (200 mL) , washed 
with H 2 0 (3 x 500 mL) , brine solution (500 mL) , dried over 
MgS0 4 and evaporated. The residue was purified by 
chromatography using 1 , 2-dichloroethane - EtOAc 10:1 as the 
mobile phase to give methyl 6-0-tert-butyldiphenylsilyl-2- 
10 deoxy-2- [ (1, 3-dimethyl-2, 4, 6(1H, 3H, 5H> -trioxopyrimidin-5- 

ylidene)methylamino] -3-0- (4-methoxybenzyl ) -l-thio-p-D- 
glucopyranoside (23) (23.3 g, 79%). 

Methyl 6-0-tert-butyldipbenylsilyl-4-0-biphenylcarbonyl-2- 
15 deoxy-2 - [ ( 1, 3-dimetbyl-2, 4, 6 (1H, 3H, 5H) -trioxopyrimidin-5- 
yl idene ) methylamino J - 3 -O- ( 4 -me thoxybenzy 1 ) - 1 - thio-P-D- 
glucopyranoside ( 24 ) 

A mixture of methyl 6-0-tert-butyldiphenylsilyl-2-deoxy-2- 

20 [ (1, 3 -dimethyl -2,4, 6 <1H,3H,5H) -trioxopyrimidin-5- 

ylidene) methylamino] -3-0- (4-methoxybenzyl) -l-thio~P~D- 
glucopyranoside (23) (10.0 g, 13.64 mmol), 4~ 
dimethylaminopyridine (2.5 g, 20.46 mmol) in dry 1,2- 
dichloroethane (100 mL) was stirred at room temperature. 

25 Biphenylcarbonyl chloride (4.42 g, 20.46 mmol) was added to 
the stirred reaction mixture. The resulting suspension was 
stirred under reflux for 3 hours. The reaction mixture was 
cooled to 10°C and filtered. The crystalline solid was 
washed on the funnel with dry 1, 2-dichloroethane (20 mL) 

30 and filtered. The filtrates were combined, diluted with 

CHC1 3 (100 mL) and washed twice with diluted brine solution 
(water-brine 2:1) (150 mL) . The organic layer was dried 
over MgS0 4 and evaporated. The residue was purified by 
chromatography using hexane - CHC1 3 1:1 as the mobile phase 

35 to give methyl 6-0-tert-butyldiphenylsilyl-4-0- 
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biphenylcarbonyl-2-deoxy-2- [ (1, 3 -dimethyl-2 , 4, 6 (1H, 3H, 5H) - 
trioxopyrimidin-5-ylidene)methylamino] -3-0- (4- 
methoxybenzyl) -l-thio-fJ-D-glucopyranoside (24) (9.5 g, 
75%) . 

Example 6 Synthesis of an Orthogonally Protected 

Thiog lycos ide Building Block, Methyl 6-0- ( t- 
butyldiphenylailyl) -2 - 0- ( 4-methoxybenzyl ) -3 -O-allyl-4 -O- 
acetyl-l-thio-p-D-galactopyranoside (6) 




Methyl 6-0- ( t-butyldiphenylsilyl) -l~thio-|3-D- 
galactopyranoside (26) 

A mixture of methyl l-thio~p-D-galactopyranoside (25) (5 g, 
15 28 mmol), chloro t-butyldiphenylsilane (5.85 g, 21 mmol) 

and DMAP (2.63 g, 21 mmol) in dry 1, 2-dichloroethane (130 
mL) was left to stir at reflux for 2.5 h. The reaction 
mixture was cooled to room temperature, diluted with 
dichloromethane (200 mL) and washed with saturated sodium 
20 chloride solution (2 x 250 mL) . The organic phase was 

dried over MgS0 4 and subsequently evaporated to dryness to 
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give methyl 6-0- ( fc-butyldiphenylsilyl) -1-thio-p-D- 
galactopyranoside (26) (7.5 g, 81%) as a colorless oil. 

Methyl 6-0- ( t-butyldiphenylsilyl ) -3 , 4-O-isopropylidene-l- 
5 thio-p-D-galactopyranoside (27) 

A mixture of methyl 6-0 ( t-butyldiphenylsilyl ) -l-thio-|J-D- 
galactopyranoside (26) (7.4 g, 16.5 mmol) and p- 
toluenesulphonic acid (20 mg) in 2 , 2-dimethoxypropane (100 
mL) was left to stir at room temperature for 2 h. The 

10 reaction mixture was then neutralized with triethylamine (1 
mL) and evaporated to dryness. The residue was dissolved in 
dichloromethane (250 mL) , washed with water (1 x 250 mL) , 
dried over MgS0 4 and evaporated to dryness to give methyl 
6-0- (t-butyldiphenylsilyl) -3, 4-O-isopropylidene-l-thio-fJ-D- 

15 galactopyranoside (27) (7.0 g, 87%) as a white solid. 



Methyl 6-0- ( t-butyldiphenylsilyl) -2- O- (4 -xnethoxybenzyl) - 
3,4-0- isopropy lidene - 1 - thio -p -D-galactopyranos ide (28) 

To a suspension of sodium hydride (95%, 0.53 g, 21 mmol) in 
2 0 dry DMF (100 mL) at 0° C°, was added dropwise methyl 6-0- 
(t-butyldiphenylsilyl) -3, 4-O-isopropylidene-l-thio-p-D- 
galactopyranoside (27) (6.8 g, 13.9 mmol) as a solution in 
dry DMF (25 mL) in 5 minutes. The resulting mixture was 
left to stir at 0 C° for 15 min and then at room 
25 temperature for 1 h. The mixture was then cooled to 0 C° 
and a solution of 4-methoxybenzyl chloride (3.27 g r 21 
mmol) in dry DMF (25 mL) was added dropwise, over 5 min. 
The reaction mixture was left to stir at 0° C for 15 min 
and then at room temperature for 16 h. After this period 
30 the reaction was neutralized with absolute ethanol (15 mL) 
at 0° C, and then evaporated to dryness. The residue was 
taken up in chloroform (400 mL) , washed with water (300 mL) 
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and saturated sodium bicarbonate solution {300 mL) . The 
organic phase was dried over MgS0 4 and evaporated to 
dryness to give the crude product as an orange oil (-9 g) . 
The crude material was chroma tographed using EtOAc - hexane 
5 25 : 75 as the mobile phase to give methyl 6-0- (t- 
butyldiphenylsilyl) -2-0- (4~methoxybenzyl) -3,4-0- 
isopropylidene-l-thio-P-D-galactopyranoside (28) as a pale 
yellow oil (6.5 g, 77%). 

10 

Methyl 6-0- ( t-butyldiphenylsilyl ) -2-0- ( 4 -methoxybenzyl ) -1- 
thio -P -D-galact opyranos ide (29) 

A suspension of methyl 6-0- ( t-butyldiphenylsilyl) -2-0- (4- 
methoxybenzyl) -3 ( 4-0-isopropylidene-l-thio-p-D- 

15 galactopyranoside (28) (6.4 g, 10.5 mmol) in acetic acid 
(80%, 150 mL) was left to stir at 70 C° for 1.5 h. The 
reaction mixture was evaporated to dryness and the 
remaining residue was chromatographed using EtOAc - hexane 
1 : 1) to give methyl 6-0- ( t-butyldiphenylsilyl ) -2-0- (4- 

20 methoxybenzyl) -1-thio-p-D-galactopyranoside (29) as a pale 
yellow oil (3.0 g, 50%). 

Methyl 6-0- { t -butyl diphenyl s i ly 1 ) -2 -O- (4 -methoxybenzyl) -3- 
O-allyl-l-thio-p-D-galactopyranoside (30) 

25 A mixture of methyl 6-0- ( t-butyldiphenylsilyl) -2-0- (4- 
methoxybenzyl ) -1-thio-P-D-galactopyranoside (29) (2.8 g, 
4.9 mmol) and dibutyl tin oxide (1.6 g, 6.4 mmol) in 
anhydrous methanol (200 mL) was stirred at reflux for 1 h. 
The reaction mixture was evaporated to dryness and the 

30 remaining residue dissolved in dry toluene (50 mL) . 

Tetraethylammonium bromide (1.34 g, 6.4 mmol) and allyl 
bromide (7.7 g, 64 mmol) were added. The reaction mixture 
was left to stir at reflux overnight. The reaction mixture 
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was cooled to room temperature and filtered. The filtrate 
was evaporated to dryness and the residue was purified by 
chromatography using EtOAc - hexane 15 : 85 as the mobile 
phase to give methyl 6-0- ( t-butyldiphenylsilyl) -2-0- (4- 
5 methoxybenzyl) -3-O-allyl-l-thio-p-D-galactopyranoside (30) 
(1.5 g, 50%) as a pale yellow oil* 

Methyl 6-0- ( t-butyldiphenylsilyl) -2 -O- (4 -methoxybenzyl) -3- 
O-allyl-4-O-acetyl-l-thio-P-D-galactopyranoside (31) 

10 To a solution of methyl 6-0- ( fc-butyldiphenylsilyl) -2-0- (4- 
methoxybenzyl ) -3-O-allyl-l-thio-p-D-galactopyranoside (30) 
(1.4 g, 2.3 mmol) in pyridine (30 mL) was added acetic 
anhydride (20 g, 196 mmol) in one portion. The resulting 
solution was left to stir at room temperature for 72 h, 

15 The reaction contents were then evaporated to dryness and 
the residue was dissolved in dichloromethane (2 00 mL) . The 
solution was washed with potassium hydrogen sulphate 
solution (1M, 2 x 150 mL) followed by saturated sodium 
chloride (150 mL) , dried over MgS0 4 and evaporated to 

20 dryness. The crude residue was purified by chromatography 

using dichloromethane as the mobile phase to give Methyl 6- 
O- (t-butyldiphenylsilyl) -2-0- ( 4 -methoxybenzyl ) -3-0-allyl-4- 
O-acetyl-l-thio-p-D-galactopyranoside (31) (750 mg, 48%) as 
a pale yellow oil. 

25 

Example 7 



30 



Selective l>eprotection - Etherif icatlon 
study using an Orthogonally Protected 
Thiog lycos ide Building. Block, Methyl 2- 
az ido - 6 -O- tert -buty Idiphenyl s i ly 1 -4 -O- 
biphenylcarbonyl-2-deoxy-3-0- (4- 

methoxybenzyl) -l-thio-p-D glucopyrartoside 
(11) 
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Methyl 2-azido«6-0-tert-butyldiphenylsilyl-2-deoxy-3-0- (4- 
methoxybenzyl ) - 1 - ttiio - p-D-alucopyr anos ±de { 10 ) 

Sodium (89 mg) was reacted in dry MeOH (50 mL)then a 
5 solution of methyl 2-azido-4-0-biphenylcarbonyl-6-0-tert- 
butyldiphenylsilyl-2-deoxy-3-0- (4-methoxybenzyl ) -1-thio-P- 
D-glucopyranoside (11) (3 g, 3.88 ntmol) in THF (25 mL) was 
added. The reaction mixture was stirred at 40 C° for 30 
minutes, then cooled to room temperature. The solution was 
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neutralized by AmberXite IR 120 (H*) ion exchange resin. 
The suspension was filtered, the filtrate was evaporated. 
The residue was purified by chromatography using EtOAc - 
hexane 1 : 4 as the mobile phase to give methyl 2-azido-6- 
5 0-tert-butyldipherrylsilyl-2-deoxy-3-0- (4-methoxybenzyl) -1- 
thio-p-D-glucopyranoside (10) (2.1 g, 91%) 

Methyl 2-azldo-4-0-l>enzyl-6-0-tert-butyldiplienylBilyl-2- 
deoxy-3-O- (4-methoxybeazyl) -l-thio~P-D-glucopyranoside (32) 

10 A suspension of sodium hydride (196 mg, 5.1 mmol) in dry 

DMF (10 mL) was cooled to 0 °C, and a solution of methyl 2- 
azido-6-0-tert-butyldiphenylsilyl-2-deoxy-3-0- (4- 
methoxybenzyl) -1-thio-P-D glucopyranoside (10) (2.53 g, 4.3 
mmol) in dry DMF (20 mL) was added dropwise in 30 minutes. 

15 The resulting solution was stirred at room temperature for 
30 minutes and benzyl bromide (880 mg, 5.1 mmol) was added 
dropwise at 0 °C . The reaction mixture was stirred at room 
temperature overnight, cooled to 0 °C and dry methanol (1 
mL) was added dropwise. The reaction mixture was 

2 0 concentrated under reduced pressure, then xylene (20 mL) 
was co-evaporated from the residue. The residue was taken 
up in CHCl^ (100 mL) washed with H 2 0 (100 ml), saturated 
NaHCCh solution (100 mL) dried over MgS0 4 and evaporated to 
dryness. The residue was purified by chromatography using 

25 EtOAc - Hexane 1 : 9 as the mobile phase to give methyl 2- 
azido-4-0-benzyl-6-0-tert-butyldiphenylsilyl-2-deoxy-3-O- 
(4-methoxybenzyl) -1 -thio-p-D-glucopyranoside (32) (2.0 g, 
68%) . 

30 Methyl 2-azido-4-0-benzyl-2-deoxy-3-0- (4-methoxybenzyl) -1- 
thio-fJ-D-glucopyranoside (33) 

To a mixture of methyl 2-azido-4-0-benzyl-6-0-tert- 
butyldiphenylsilyl-2-deoxy-3-0- (4-methoxybenzyl) -1-thio-p- 
D-glucopyranoside (32) (1.5 g, 2.2 mmol) and anhydrous AcOH 
35 (28.8 mL) in dry THF (169 mL) hydrogen f luoride-pyridine 
complex (20.3 mL) was added in a polypropylene container. 
The reaction mixture was kept at room temperature 
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overnight, then diluted with EtOAc (1 L) . The resulting 
solution was washed with saturated sodium hydrogen 
carbonate (4 x 1 L) , saturated brine solution (ID, dried 
over MgS0 4 and evaporated to dryness. The residue was 
5 crystallized from MeOH. The mother liquor was evaporated, 
the residue was treated with hexane to get more solid. The 
solid products were combined affording methyl 2-azido-4-0- 
benzyl-2-deoxy-3-0- (4 -met hoxy benzyl ) -1-thio-fJ-D- 
glucopyranoside (33) (735 mg, 75%) . 

10 

Methyl 2 -azido- 4-0 -benzyl -6-0- (4-chlorobenzyl> -2-deoxy-3-0- 
(4-methoxybenzyl) -1-thio-^-D-glucopyranoside (34) 

A suspension of sodium hydride (71 mg, 1.8 mmol) in dry DMF 
(5 mL) was cooled to 0 °C, and a solution of methyl 2- 

15 azido-4-0-benzyl-2-deoxy-3-0- (4 -met hoxy benzyl > -l-thio-(i-D- 
glucopyranoside (33) (680 mg, 1.5 mmol) in dry DMF (5 mL) 
was added dropwise in 30 minutes. The resulting solution 
was stirred at room temperature for 30 minutes and 4- 
chlorobenzyl chloride (295 mg, 1.5 mmol) was added dropwise 

20 at 0 °C. The reaction mixture was stirred at room 

temperature for 4.5 hours, cooled to 0 °C and dry methanol 
(1 mL) was added dropwise. The reaction mixture was 
concentrated under reduced pressure, then xylene (10 mL) 
was co-evaporated from the residue. The residue was treated 

25 with hexane (10 mL) and filtered to give methyl 2-azido-4~ 
O-benzyl-6-O- (4-chlorobenzyl) -2 -deoxy-3-O- (4- 
methoxybenzyl) -1-thio-p-D-glucopyranoside (34) (620 mg, 71 
%) . 

30 Methyl 2 -azido-4-O-benzy 1-6-0- (4-chlorobenzyl) -2 -deoxy-l- 
thio-p-D-glucopyranoside {35) 

A mixture of methyl 2-azido-4-0-benzyl-6-O- (4- 
chlorobenzyl) ~2-deoxy-3-0- (4 -met hoxy benzyl ) -l-thio-|M> 
glucopyranoside (34) (580 mg, 1.01 mmol) and DDQ (270 mg, 
35 1-2 mmol) in CH 2 C1 2 - H 2 0 9:1 (10 mL) was stirred at room 
temperature for 3 hours. The reaction mixture was washed 
with saturated NaHCCb solution (3 x 15 ml), dried over 
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MgS0 4 and evaporated* The residue was purified by 
chromatography using CHCl 3 -Hexane-MeOH 30:20:0.5 as the 
mobile phase to give methyl 2-azido-4-0-benzyl-6-0- (4- 
chlorobenzyl) -2-deoxy-l-thio-ji-D glucopyranoside (35) (300 
5 mg, 66%) . 

Methyl 2 -azido-4 -O-benzyl-6-O- (4-chlorobenzyl) -2-deoxy-3-0- 
pentamethylbenzyl-1- thio-P-D-glucopyranoside ( 36 ) 

A suspension of sodium hydride (40 mg, 1.0 mmol, 60%) in 

10 dry DMF (5 mL) was cooled to 0 °C, and a solution of methyl 
2-azido-4-0-benzyl-6-O- (4-chlorobenzyl) -2-deoxy-l-thio-{J-D 
glucopyranoside (35) (280 mg, 0.67 mmol) in dry DMF (5 mL) 
was added dropwise in 30 minutes. The resulting solution 
was stirred at room temperature for 30 minutes and 

15 pentamethylbenzyl chloride (200 mg, 1.0 mmol) was added 

dropwise at 0 °C. The reaction mixture was stirred at room 
temperature for 4 hours, cooled to 0 °C and dry methanol (1 
mL) was added dropwise. The reaction mixture was 
concentrated under reduced pressure then xylene (10 mL) was 

20 co-evaporated from the residue. The residue was in EtOAc 
(100 mL) , washed with brine (2 x 100 mL) , dried over MgSO< 
and evaporated. The resulting solid was suspended in hexane 
(50 mDand filtered to give methyl 2-azido-4-0-benzyl-6-0- 
( 4-chlorobenzyl) -2-deoxy-3-0-pentamethylbenzyl-l-thio-[5-D- 

25 glucopyranoside (36) (290 mg, 76%). 

2- t U, 3 -dimethyl -2, 4, 6 (1H, 3H, 5H) -trioxopyximidin-5- 
ylidene) methyl amino] -ethyl 2-azido-4-0-benzyl~6-0- (4- 
chlorobeazyl) -2-deoxy-3-0-pentamethylbenzyl-a, P-D- 
30 glucopyranoside (37) 

A mixture of methyl 2-azido-4-0-benzyl~6-0- (4- 
chlorobenzyl) -2-deoxy-3-0-pentamethylbenzyl-l-thio-P-D 
glucopyranoside (36) (220 mg, 0.36 mmol), 2- [ {1 , 3-dimethyl- 
2,4,6 (1H, 3H, 5H) -trioxopyrimidin-5-ylidene) methylamino] - 
35 ethanol (150 mg, 0.66 mmol), molecular sieves 4A (1 g) and 
DMTST (138 mg, 0.66 mmol) in 1, 2-dichloroethane (10 mL) was 
stirred at room temperature for 3 0 minutes. The reaction 
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mixture was neutralized with TEA (0.5 mL) and evaporated. 
The residue was purified by chromatography using CHCl 3 -MeOH 
40 mL : 20 drops as the mobile phase to give 2- [(1,3- 
dimethyl-2, 4, 6 (lH f 3H, 5H) -trioxopyrimidin-5- 
5 ylidene)methylamino] -ethyl 2-azido-4-0-benzyl-6-0- (4- 
chlorobenzyl) -2-deoxy-3-0-pentamethylbenzyl-|5-D 
glucopyranoside (37) (220 mg, 77%) . 

2- [ (1, 3 -dime thy 1-2, 4, 6 (1H, 3H, 5H) -trioxopyrimidin-5- 
10 yl idene) me thy 1 amino] -ethyl 2-amino-4-0-benzyl-6-0~ (4- 
chlorobenzyl) -2-deoxy-3-0-pentamethylbenzyl-a, p-D- 
glucopyr anos ide (38) 

A mixture of 2- [ (1, 3-dimethyl-2 , 4, 6 (1H, 3H, 5H) - 
trioxopyrimidin-5-ylidene)methylamino] -ethyl 2-azido-4-0- 

15 benzyl -6-0- ( 4 -chlorobenzyl ) -2-deoxy-3-0-pentamethylbenzyl- 
|}-D glucopyranoside (37) (160 mg, 0.2 mmol) and TEA (3 
drops) in 1, 3-propanedithiol (1 mL) was stirred at room 
temperature overnight. The reaction mixture was 
chroma tographed using EtOAc - hexane 1:1 then EtOAc - MeOH 

20 10:1 solvent systems as mobile phases to give 2-[(l,3- 
dimethyl-2, 4, 6 (1H, 3H, 5H) -trioxopyrimidin-5- 
ylidene)methylamino] -ethyl 2-amino-4-0-benzy 1-6-0- (4- 
chlorobenzyl ) -2-deoxy-3-0-pentamethylbenzyl-a, P~D 
glucopyranoside (38) (123 mg, 80%) 

25 

2- [ (1, 3 -dimethyl-2, 4, 6 (1H, 3H, 5H) -trioatopyrimidin-5- 

yl idene) me thy 1 amino] -ethyl 2- [ (1, 3 -dimethyl - 

2 , 4 , 6 ( 1H , 3H , 5H ) - 1 r ioxopyr imidin- 5 -yl idene ) me thy 1 amino ] - 4 -O- 

benzyl- 6-0- (4 -chlorobenzyl) -2-deoxy-3-0-pentamethylbenzyl- 

30 a, P-D glucopyranoside ( 39 ) 

A mixture of 2- [ (1 , 3-dimethyl-2 , 4 , 6 ( 1H, 3H, 5H) - 
trioxopyrimidin-5-ylidene)methylamino] -ethyl 2-amino-4-0- 
benzyl-6-0- (4 -chlorobenzyl) -2-deoxy-3-0-pentamethylbenzyl- 
|$-D glucopyranoside (38) (50 mg, 0.066 mmol), 1 , 3 -dimethyl - 

35 5- [ (dime thy lamino) methylene] 2, 4 , 6 (1H, 3H, 5H) - 

trioxopyrimidine (Wow-reagent) (50 mg, 0.24 mmol), TEA (0.2 
mL) in CHC1> - MeOH 3:1 (4 mL) was stirred at room 
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temperature for 3 hours. The reaction mixture was 
evaporated, the resulting residue was chroma tographed using 
EtOAc as the mobile phase to give 2- [ (1, 3 -dimethyl - 
2,4, 6 (1H, 3H, 5H) -trioxopyrimidin-5-ylidene)methylamino] - 
5 ethyl 2- [ ( 1 , 3 -dimethyl -2 , 4 , 6 ( 1H, 3H, 5H) -trioxopyrimidin-5- 
ylidene)methylamino] -4-O-benzyl -6-0- (4-chlorobenzyl) -2- 
deoxy-3-0-pentamethylbenzyl-a, p-D glucopyranoside (39) (45 
mg, 75%) . 

10 Example 8 Selective deprotection study using an 

Orthogonally Protected Thioglycoside 
Building Block, Methyl 2-azido-6-0-tert- 
butyldiphenylsilyl-4-0-biphenylcarbonyl-2- 
deoxy-3-O- (4-methoxybenzyl) -1-thio-p-D 

15 glucopyranoside (11) 




Methyl 2-a2ido-6-0-tert-butyldiphenylsilyl-2-deoxy-3-0- (4- 
methory benzyl ) -l-thio-J3-D glucopyranoside (10 ) 

20 Sodium (89 mg) was reacted in dry MeOH (50 mL)then a 

solution of methyl 2-azido-4-O~biphenylcarbonyl-6-0-tert- 
butyldiphenylsilyl-2-deoxy-3-0- (4-rnethoxybenzyl ) -l-thio-{3-D 
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glucopyranoside (11) (3 g, 3.88 mmol) in THF (25 mL) was 
added. The reaction mixture was stirred at 40 C° for 30 
minutes, then cooled to room temperature. The solution was 
neutralized by Amberlite IR 120 (H*) ion exchange resin. 
5 The suspension was filtered, the filtrate was evaporated. 
The residue was purified by chromatography using EtOAc - 
hexane 1 : 4 as the mobile phase to give methyl 2-azido-6- 
0-tert-butyldiphenylsilyl-2-deoxy-3-0- (4-methoxybenzyl) -1- 
thio-^-D glucopyranoside (10) (2.1 g, 91%). 

10 

Methyl 2-azido-4-0-biphe»ylcarbonyl-2-deoxy-3-0- (4- 
methoxybenzy 1 ) -1-thio-p-D-glucopyranoside (40) 

To a mixture of methyl 2-azido-4-0-biphenylcarbonyl-6-0- 
tert~butyldiphenylsilyl-2-deoxy-3-0- (4-methoxybenzyl) -1- 

15 thio-fJ-D-glucopyranoside (11) (150 mg, 0.19 mmol) and 
anhydrous AcOH (2.8 mL) in dry THF (17 mli) 
hydrogenf luoride-pyridine complex (2 mL) was added in a 
polypropylene container. The reaction mixture was kept at 
room temperature overnight, then diluted with EtOAc (100 

20 mL) . The resulting ■ solution was washed with saturated 
sodiumhydrogen carbonate (4 x 100 mL) , saturated brine 
solution (100 mL) , dried over MgSO^ and evaporated to 
dryness. The residue was purified by chromatography using 
EtOAc - hexane 2:5 as the mobile phase to give methyl 2- 

25 azido-4-0-biphenylcarbonyl-2-deoxy-3-0- (4-methoxybenzyl) -1- 
thio-p-D-glucopyranoside (40) (9 6 rag, 93%) . 

Methyl 2 -azido- 4 - O-biphenylcarbonyl - 6 -O- tert - 
butyldiph©nylsilyl-2-deoxy-l-tliio-p*D-glucopyraxxoside <41) 

30 A mixture of methyl 2-azido-4-0-biphenylcarbonyl-6-0-tert- 
butyldiphenylsilyl-2-deoxy-3-0- (4-methoxybenzyl) -1-thio-fi- 
D-glucopyranoside (11) (150 mg, 0.19 mmol) and DDQ (52 mg, 
0.23 mmol) in CH 2 C1 2 - H 2 0 9:1 (5 mL) was stirred at room 
temperature for 3 hours. The reaction mixture was washed 

35 with saturated NaHC0 3 solution (3x3 ml), dried over MgSCU 
and evaporated. The residue was purified by chromatography 
using EtOAc - hexane 15:85 as the mobile phase to give 
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methyl 2-azido-4-0-biphenylcarbonyl-6-0-tert- 
butyldiphenylsilyl-2-deoxy-l-thio-fJ-D-glucopyranoside (41) 
(116 nig, 92%) . 

5 Methyl 2~amino-4-o-bipbeaylcarbonyl-6-0-tert- 

butyldiphenylsilyl -2 -deoxy- 3 -O- ( 4 -metboxybenzyl ) - 1- tlxio-P- 
D-glucopyraxxos ide ( 42 ) 

A mixture of methyl 2~azido-4-0-biphenylcarbonyl-6-0-tert- 
butyldiphenylsilyl~2-deoxy-3-0- (4-methoxybenzyl ) -l-thio-p~ 
10 D-glucopyranoside (11) (150 mg, 0.19 mmol) and TEA (3 

drops) in 1, 3-propanedithiol (1 mL) was stirred at room 
temperature overnight . The reaction mixture was 
chromatographed using EtOAc - hexane 15:85 then EtOAc - 
hexane 1:1 solvent systems as mobile phases to give methyl 
15 2-amino-4-0-biphenylcarbonyl-6-0-tert-butyldiphenylsilyl«'2- 
deoxy-3-O- (4-methoxybenzyl ) -l-thio-p-D-glucopyranoside (42) 
(130 mg, 91%) . 

3 , 4-Methylenedioxybenzyl 2 -az ido -4 -0 -biphenylcarbony 1 - 6 -O- 
tert -but y ldipheny 1 s i ly 1 - 2 - deoxy- 3 -0 - ( 4 -metboxybenzy 1 ) -a , fl- 
D-glucopyranos ide ( 43 ) 

A mixture of methyl 2-azido-4-Obiphenylcarbonyl-6-0-tert- 
butyldiphenylsilyl-2-deoxy-3~0- (4-methoxybenzyl) -1-thio-JJ- 
D-glucopyranoside (11) (200 mg, 0.26 mmol), 3,4- 
methylenedioxybenzyl alcohol 59 mg, 0.39 mmol), molecular 
sieves 4A (1 g) and methyltrif late (106 mg, 0.65 mmol) in 
1, 2-dichloroethane (10 mL) was stirred at room temperature 
overnight. The reaction mixture was neutralized with TEA 
(0.5 mL) and evaporated. The residue was purified by 
chromatography using EtOAc - hexane 15:85 as the mobile 
phase to give 3 , 4 -methyl enedioxybenzyl 2-azido-4-0- 
biphenylcarbonyl-6-0-tert-butyldiphenylsilyl-2-deoxy-3-0- 
( 4-methoxybenzyl) -a, p-D-glucopyranos ide (43) (173 mg, 76%). 

35 It will be apparent to the person skilled in the 

art that while the invention has been described in some 
detail for the purposes of clarity and understanding, 
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various modifications and alterations to the embodiments 
and methods described herein may be made without departing 
from the scope of the inventive concept disclosed in this 
specification. 

References cited herein are listed below, and are 
incorporated herein by this reference. 
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CLAIMS 

1. A universal monosaccharide building block of 

General Formula I or General Formula II 

5 




XC 

i n 



in which 

A is a leaving group; 
10 X is hydrogen, O, N or Nj; 

X, is hydrogen, -CH 2 0-, ~CH 2 NH-, -CH 3 , -CH 2 N 3 or 
-C00-; and 

B, C, D and E are protecting groups which can be 
cleaved orthogonally, 
15 and in which 

B, C, D and E are absent when X is hydrogen or 
N-j, and E is absent when Xt is hydrogen, CH 3 or N 3 . 

2. A monosaccharide building block according to 

20 claim 1, in which A is selected from the group consisting 
of -SR; where R is alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, 
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, 
halogen; trichloroacetimidoyl-; sulphoxide; and -0- 

25 alkenyl. 

3 . A monosaccharide building block according to 
claim 1 or claim 2, which is a compound of General Formula 
III 

30 



WO 00/42057 



PCT/AUOO/00025 



- 44 - 




XCi 

III 



in which 

Bi, Ci # Di and E 3 are orthogonal carbohydrate 
5 protecting groups selected from protecting group sets 1, 2, 
6 and 8 as herein defined. 

4. A monosaccharide building block according to 

claim 1 or claim 2, which is a compound of General Formula 
10 IV 




xc 2 

IV 

15 in which 

B2, C 2 , D 2 and E 2 are selected from the members of 
protecting group set 1, and in themselves constitute an 
orthogonal set. 

20 5. A monosaccharide building block according to 

claim 4, in which the members of protecting group set 1 are 
levanoyl, chloroacetate, p-methoxybenzyloxycarbonyl and 2- 
trimethylsilylethylcarbonate . 



25 



6. A monosaccharide building block according to 

claim 1 or claim 2, which is a compound of General Formula 
V 
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xc 3 

V 

in which 

A, X and Xi are as defined for General Formula I 
5 and II, and 

B 3 , C 1# D 3 and E 3 are an orthogonal set of 
protecting groups selected from amongst the members of set 
1 and from the remaining orthogonal sets. 

7. A method of synthesis of a molecule selected from 
the group consisting of glycoconjugates of non- carbohydrate 
molecules, neo-glycoconjugates and oligosaccharides, 
comprising the step of using a monosaccharide building 
block according to any one of claims 1 to 6. 

8. A method according to claim 7 , in which the 
molecule comprises one or more compounds in which 
substituents are linked to a pyranose or furanose ring. 

20 9. A method according to claim 7 or claim 8, in 

which the molecule comprises a sugar analogue. 

10. A method according to any one of claims 7 to 9, 
in which the synthesis is carried out in solution. 

25 

11. A method according to any one of claims 7 to 9, 
in which the synthesis is carried out on a solid-phase 
support . 
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